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This effect of insulin on macrophages could also be
blocked by a serum from a diabetic patient with high
insulin resistance and capable of reducing about 80% the
uptake of 'I-insulin by macrophages. Several other sub-
stances could also inhibit the stitnhulatory effect of insulin
on macrophages: rabbit anti-macrophage serum (1:20 dilu-
tion), trypsin (I mg/ml), phospholipase A and C (100
pg/ml), deoxyglicose (50 pg/ml), theophylline (107° M)
(table).

Discussion. Previous reports''* from our laboratory
demonstrated that immunological phagocytosis by mouse
peritoneal macrophages can be influenced by drugs which
modulate the intracellular levels of cyclic nucleotides
(cAMP and cGMP). It was shown that agents known to
raise the intracellular levels of cAMP are inhibitors of
phagocytosis, while phagocytosis was enhanced by
cholinergic drugs which raise the intracellular levels of
cGMP. In this paper we demonstrated that in physiological
concentrations, insulin enhanced, in vitro, the immunologi-
cal phagocytosis of SRBC sensitized with rabbit IgG by
normal mouse peritoneal macrophages. With higher
concentrations, there were no significant changes in the
ingestion index. According to our results, insulin seems to
stimulate macrophage phagocytosis as a cholinomimetic
agonist by increasing the intracellular levels of ¢cGMP.
Insulin has been reported to have a physiological effect on
macrophage functions, but the resuits obtained are some-
what contradictory. Rhodes'®, for instance, showed that the
macrophage-Fc expression is inhibited by insulin (10 pg/ml
or 50 pg/ml), dibutyryl AMP and methylxanthine, but is as
augmented by the dibutyryl cGMP. According to Muschel
et al.’, insulin at concentration of 60 ng/ml produced a
marked depression in Fc-mediated phagocytosis by mouse
peritoneal macrophages, and that its effect was reversed by
cAMP, isoproterenol and cholera toxin.

The conclusions that insulin inhibits macrophage-Fc ex-
pression!® and that cAMP enhances and insulin inhibits Fe-
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mediated ingestion by peritoneal macrophages, are in con-
flict with our results. We have no explanation for these
discrepancies, but at least 2 main technical variants could
well be invoked to elucidate them: a) different concentra-
tions of insulin used for attaining maximal effects; b) dif-
ferent methods for evaluating the results obtained. The
evaluation of experimental results by taking into account
only the percentage of cells engaged in phagocytosis is
fallacious. It is also necessary to determine the ingestion
index, as can easily be seen from our data.
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Effects of castration, estradiol and testosterone on tubulin levels of the medial basal hypothalamus and the

adenohypophysis of the rat!
C. Valenti, Maria I. Vacas and D.P. Cardinali®

Centro de Estudios Farmacoldgicos y de Principios Naturales (CEFAPRIN), Obligado 2490, 1428 Buenos Aires (Argentina),

11 April 1978

Summary. Tubulin levels of the medial basal hypothalamus (MBH) were greater in male than in female rats. Orchidecto-
my brought about a decrease of MBH tubulin concentration, whereas testosterone injection augmented it in the MBH and
adenohypophysis. Estradiol administration augmented MBH tubulin and protein concentration.

The biochemical and pharmacological properties of the
protein constituting microtubules (tubulin) have been well
characterized. Its binding to the antimitotic drug colchicine
exhibits a specific and stoichiometric affinity which has
provided an assay for estimating tubulin concentration in a
number of tissues, including the brain®. In this tissue
tubulin comprises 15-40% of the total soluble protein and
its high concentration has been one of the most significant
factors to indicate that microtubules may play an important
functional role in nervous tissue. Mainly based upon in-
direct observations by using agents (e.g., colchicine or
vinblastine) which disrupts microtubules, these organelles
have been im?ﬁcated in both axoplasmic transport and
neurosecretion®, Very few observations have been pub-
lished concerning changes of colchicine-binding activity of

the brain as a function of the neuroendocrine status of the
animal, Hypothalamic tubulin was found to be affected by
catecholamine transmitter through alpha- and beta-adre-
nergic receptors, the latter involving the pineal gland®, and
presumably melatonin secretion®. Experimental manipula-
tions known to alter the neuroendocrine apparatus, such as
continuous exposure to light or superior cervical sympa-
thectomy, also resulted in modification of colchicine-bind-
ing activity of the hypothalamus®. The present experiments
were undertaken to examine the effects of estradiol and
testosterone on tubulin levels of the medial basal hypotha-
lamus (MBH) and the adenohypophysis (AH) of castrated
rats.

Material and methods. Adult Wistar rats (180-220 g) were
kept under controlled lighting from 07.00 to 21.00 h daily
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Effect of testosterone and estradiol treatment on tubulin levels of medial basal hypothalamus (MBH) and adenohypophysis (AH) of

castrated rats

MBH AH
Treatment Tubulin concentration Soluble proteinconcentration Tubulin concentration Soluble
(nmoles - mg protein—!) (mg- g tissue~1) (nmoles - mg protein~!) protein
concentration
(mg- g tissue™)
Male rats
Vehicle 1.39+0.07 (26) 4.82+0.40 (12) 1.16+0.12 (26) 7.05+0.2 (12)
Testosterone 2.15+£0.09 21)** 4.74+0.57 (13) 1.94+0.12 (24)** 6.02+0.3 (12)*

Female rats
Vehicle
Estradiol

1.45+0.05 (31)
1.41+0.05 (30)

401+0.18 (15)
5.18+0.31 (14)**

0.8440.05 (32)
0.77+0.05 (28)

5.2240.25 (15)
5.5740.19 (15)

Results are expressed as mean+ SEM (n). Asterisks represent significant differences from vehicle-injected controls: * p<0.05; ** p<0.01.

Student’s t-test,

and were given access to chow and water ad libitum. For
testosterone experiments, males castrated 72 h earlier were
treated for 3 days with 2 daily s.c. injections (at 09.00 and
17.00 h) of 400 pg of testosterone dissolved in 0.2 ml of
saline: ethanol (1:1). An additional injection of 400 ug of
testosterone was given on the 4th day, 3 h before sacrifice;
controls received the vehicle alone. For estradiol ex-
periments, female rats spayed 3 weeks earlier were injected
on 2 consecutive days with daily s.c. injections of 0.5 and
50 pg of the hormone, respectively; the animals were killed
in the morning of the 3rd day. Controls received s.c.
injections of the vehicle (0.2 ml of saline: ethanol, 3:1). The
animals were killed by decapitation, the brains were quick-
ly removed, and the MBH was dissected out as described
elsewhere”. The AH and MBH were weighed and homoge-
nized in 0.067 M Na phosphate buffer pH 6.8, containing
0.1 M KCI and 0.1 mM GTP. Colchicine-binding was
assayed as described by Sherline et al.?, by equilibrating the
homogenates with *H-colchicine (0.02 mM) during 90 min
at 37°C after which the remaining free colchicine was
removed by adsorption onto activated charcoal. Following
precipitation of charcoal by centrifugation for 15 min at
600x g, aliquots of the supernatants were taken for *H-
radioactivity measurement by liquid scintillation spec-
trometry, and for determining the protein concentration by
the Lowry et al. procedure®. The results were expressed as
nmoles of tubulin per mg of soluble protein, by assuming
that at saturation 1 mole of colchicine was bound per mole
of tubulin'’.

Results. Tubulin concentration of MBH of female rats was
significantly lower than in male rats (figure). Castration of
male, but not of female rats, decreased MBH tubulin levels
by 40%. A significant increase of soluble protein concentra-
tion was detected in the AH of castrated males and in the
MBH and AH of castrated females (figure).

The administration of testosterone to castrated males
brought about a significant, 55%-increase of colchicine-
binding activity of the MBH without affecting soluble
protein concentration (table). Testosterone also augmented
tubulin levels of the AH by 67% and decreased soluble
protein concentration by 15%. Estradiol injection to oopho-
rectomized rats did not change MBH tubulin levels, ex-
pressed per mg of protein, whereas it increased soluble
protein concentration by 29%; hence the amounts of tubu-
lin per mg of tissue augmented by 23% (9.47+0.99 and
11.68+1.08 nmoles-mg of tissue™!, in vehicle- and estra-
diol-treated rats respectively). The addition of 107¢ or
107% M testosterone or estradiol to hypothalamic or hypo-
physial homogenates did not affect colchicine-binding to
tubulin (results not shown).

Discussion. The importance of the MBH in gonadotrophic
control is now well established. The hypophysiotrophic

1AH

[IControl

10) ECastrated

(12)

s
o+

Tubulin concentration
(nmoles-mg protein™)

)

Soluble protein concentration

(mg-g tissue™1)

A :

Effect of castration on tubulin levels of the MBH and AH of rats.
Data are presented as mean+SEM (n). *Significantly different
from its respective control: p<0.05; Student-t-test. **Significantly
different from its respective control male: p < 0.05.

area, defined as the region of the 3rd ventricle that will
maintain a transplanted AH in an active secretory state,
coincides with the MBH, and considerable anatomical and
electrophysiological data indicate that this region contains
neurons that project axons to the median eminence having
access to the portal system!!. The foregoing results indicate
that MBH tubulin levels are lower in female than in male
rats, and that orchidectomy brought about a decrease of
MBH tubulin levels, which was counteracted by testos-
terone administration. In female rats, estradiol increased
marginally MBH tubulin levels. Since, in intact female rats
killed irrespective of the stage of the estrous cycle, the
variance observed was not significantly greater than in any
other group, it can be provisionally concluded that MBH
and AH tubulin levels are independent of estrous cycle.
Additional experiments are needed further to substantiate
this conclusion.

While the physioclogical significance of microtubules in
neuroendocrine tissues remains uncertain, it seem feasible
that they participate in 2 processes of major functional
importance, such as axoplasmic transport and hormone
secretion. Colchicine and vinblastine inhibit the movement
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of neurosecretory granules from the hypothalamic nuclei to
the median eminence and to the neurohypophysis, and
block the release of vasopressin from the posterior lobe!2 13,
Neurons from the preoptic area produces LHRH which is
transported to the MBH by an axonal route for storage
and/or release into the hypophysial portal veins'4, Ultra-
structural studies have lent support to the participation of
microtubules in hormone secretion from the AH'. There-
fore it seems feasible that changes in tubulin levels of MBH
and AH following castration and hormone replacement
may be associated with modification of transport and/or
secretions of various materials of neuroendocrine signifi-
cance.
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Effect of o~ and g-ecdysone on DNA synthesis in Aeshna cyanea (Insecta, Odonata) midgut

J.C. Andries

Laboratoire de Biologie Animale, Université des Sciences et Techniques de Lille I et Laboratoire associé au CNRS N° 148,
Endocrinologie des Invertébrés, B.P. 36, F-59650 Villeneuve d’Ascq (France), 18 May 1978 .

Summary. In Aeshna cyanea larvae, a- and f-ecdysone stimulate DNA synthesis in the midgut regenerative cells. In last
larval instar, the number of cells obtained after the imaginal epithelium genesis is greater after a- than after f-ecdysone
supply. Such a result should be compared with the imaginal epithelium differentiation which occurs earlier after f-ecdy-

sone injection.

It is well known that insect post-embryonic development is
controlled by hormones. Numerous are the morphological
and biochemical events attribuable to the action of ecdy-
sones. Recent studies seem to indicate clearly the role of
ecdysones in the stimulation of RNA synthesis!. On the
other hand, the published data concerning the control of
DNA synthesis do not appear to agree.

The following questions have not yet been answered com-
pletely: a) Is DNA synthesis under the control of ecdy-
sones? Although some authors have shown a stimulatory in
vivo or in vitro effect of a->¢, f-ecdysone®”® or inokos-
terone®!®, the results often differ according to animal
species, depending upon the develogmental stage of the
target organ!! and the ecdysone level®!>"1*, Moreover, Bul-
liere and Bulliere!® have recently suggested that the inhibi-
tory or triggering effect of the moulting hormone is func-
tion of the proliferative or differentiative nature of the
epidermal divisions. b) Is g-ecdysone a true hormone
having a specific role particulary on DNA synthesis prior to
its conversion to f-ecdysone, as suggested by Oberlander®?
Do a- and f-ecdysone effect DNA synthesis in the same
way?

To answer these questions we have chosen as a model the
midgut of a dragonfly, Aeshna cyanea, for several reasons:
a) By its endodermal origin, the insect midgut is quite
different from the organs usually studied in the control of
DNA synthesis. b) This target organ contains principally a
single cell type, the functional cells which, throughout the
insect’s life, are replaced from small embryonic cells, the
regenerative cells, grouped in nidi, near the basement
membrane. ¢) The last larval instar midgut of 4. cyanea is
characterized by the genesis of 2 tissues: the reticulate
tissue and the imaginal epithelium which both result from

the differentiation of the regenerative celis!. The first
event of the midgut in this instar is therefore a proliferating
activity of these cells. d) In controls, imaginal epithelivm
genesis occurs when the sclerification of the tarsal claws
takes place. This tegument response, easily observable after
a- or §-ecdysone injection led us to a first study' in which
the experimental animals were killed some h after this
event. At this time, we observed that there was always an
increase in the number of regenerative cells. Furthermore,
by means of an autoradiographic study we were able to
demonstrate that S-ecdysone accounts for this increase in
stimulating DNA synthesis.

It was also noted that identical amounts of a- and S-ecdy-
sone give different results. Thus, as a general rule, the
genesis of the imaginal epithelium occurs later when a-
instead of f-ecdysone is supplied. In the same way, it may
be asked whether ¢- and S-ecdysone stimulate DNA syn-
thesis in a similar way.

Material and methods. We used antepenultimate, penulii-
mate and last instar larvae of Aeshra cyanea which were
injected on the 5th day of the instar with a 10% alcoholic
solution of a- (Simes) or f-ecdysone (Sigma). Indices of
cell proliferation were the number of mitosis (meta- and
anaphase figures) and the number of regenerative cells per
transversal section. 20 serial sections were studied to deter-
mine the number of mitotic figures per section.

Results. Figure 1 records the values of the mitotic index
during the 10 days following the 20 pg/g a- or f-ecdysone
supply to 55 last larval instar. These results demonstrate
clearly that after a- or f#-ecdysone injection there is always
an increase of the mitotic index. This graph also shows that,
at first, a- and f-ecdysone stimulate DNA synthesis in the
same way. The time course of mitosis and the number of



